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Abstract: This study aimed to remove lead ions (Pb²+) from seawater mixed with wastewater that 
discharged to Mukalla coast. Water samples were collected from points near the sewage discharging 
sampling station. Macroalgae samples, Gracilaria sp and Sargassum sp were used for bio-sorption of 
Pb²+ from seawater in the study area. Besides, this study aimed to assess the removal efficiency of lead-
heavy metal ions (Pb²+) from polluted seawaters in Mukalla coast by Macroalgae biomass. The effect of 
pH values (4.5 –7.5 ± 0.5) and different adsorbent dosages were used on the adsorption process through 
Winter and Summer seasons. The removal percentage of Pb²+ was applied to describe the bio-sorption 
capacity in polluted water. This method is an eco-friendly technology for reducing heavy metals from 
polluted seawaters as an effect of functional groups of macro-algae cell walls. The results of lead bio 
sorption percentages were found to vary from 80.00 % to 90.00% in pH value of 4.5 and from 76.82% to 
89.4% in pH value of 7.5 at 20B sampling station through Winter and Summer seasons, respectively. The 
FT-IR analysis indicated that possible functional groups involved in metal adsorption by macro-algae 
were C–O, O–H and N–H stretching. FT-IR technique has been proved for detecting probable binding 
sites of Pb²+ induced by the presence of active groups including carboxyl and hydroxyl groups in both 
Gracilaria sp and Sargassum sp algae biomass that are of the components of the structure of algae cell 
walls. 
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1. Introduction 
Environmental pollution is currently one of the most 
important issues facing humanity. One of the major reasons 
of environmental pollution is the rapid growth of human 
populations and the increased urbanization and 
industrialization throughout the world that results in a release 
of toxic metals from its effluents ]7,9[. These pollutants 
usually reached into seas from different sources; domestic 
and industrial drainage, hospitals, and water used in 
workshops inside towns, which have a substantial impact on 
the coastal environments ]3,7[. Fear amounts of industrial 
product elements lie in the discharged wastewater into marine 
coasts, either directly or indirectly ]6,10[. Domestic 
wastewater was considered as one of the most significant 
threats to the coastal environment worldwide. Excessive 
levels of these wastes in the marine environment cause risks 
to aquatic organisms and consequently consumers ]4,32[. 
Bio-sorption of toxic heavy metals was considered as one 
of the alternative processes for pretreatment for wastewater 
in the chemical industry]30[. The equilibrium among all 
heavy metals is interchangeable and depends on an 
environmental factor such as temperature, pH value as well 
as biota bloom in waters ]21[. The practical use of bio-
sorption technology for controlling heavy metals in the 
environment as the first industrial applications have been 
reported in Britain at the end of the eighteenth century]15[. 
The ability to assess the accumulation of cadmium and lead 
was evaluated by green macro-algae at different contact 
periods ]14,29[.  The bio-sorption of minerals by brown algae 
was also published ]12[. Compared to other algae biomass, 
brown algae showed the highest capacity of bio sorption for 
binding with metal ions ]27,1[. 
The coastal environment of Red Sea and the Gulf of 
Aden is directly suffered by sewage discharges where coastal 
waters affected with organic nutrients around some 
population centers in the area ]28[.     
The municipal sewage in Mukalla city is discharged to 
the coastal waters without treatment. The daily amounts 
discharged was about 3000 mᶾ. These sewages contain an 
organic and non-organic substances that mostly come from 
domestic uses ]4[. The coastal area of Mukalla and other 
coastal cities of Hadhramout were affected by wastewater 
effluents which cause an environmental problem. The 
presence of heavy metals in these coasts may reach dangerous 
levels to the marine habitat which might affect the human 
health through its transition across fish consumptions. To 
ensure a safe and healthy environment, pretreatment of 
discharged sewage to the area must be applied using macro-
algae bio sorption ecofriendly technology. The removal of 
heavy metal pollutants from the sewages will keep the coasts 
area harmless to the marine organisms and human being.  
This study aimed to evaluate the bio-sorption technique 
using macro-algae (Gracilaria sp and Sargassum sp) biomass 
as an ecofriendly method for removing lead ions from the 
polluted seawaters at the study area. 
 
2. Materials and Methods 
Fuwwah is one of the largest areas of Mukalla city-
Hadhramout governorate. Its coast is characterized as sandy 
rocky beaches. This area is connected with one of the 
municipality project in the seacoasts, including 20B sewage 
station (Fig.1) which discharging a considerable amounts of 
untreated sewages to the coasts of the area.  The algae 
samples (Gracilaria sp and Sargassum sp) were collected 
from clean marine habitat, transferred to the laboratory, 
cleaned by tap water and dried at 80-90 ºC for 24 h. The algae 
samples were crushed and ground in a blender to granules of 
1-2mm ]34[. Polluted seawater was sampled from a point near 















The study was conducted in the period from November 
2017 to December 2018.The contaminated water was 
sampled in December 2017 (represented Winter season) and 
in May 2018 (represented Summer season). This sampling 
pattern was followed because the quantities of untreated 
sewages discharged in Mukalla coasts were varied in these 
seasons due to human activity. An experiment was conducted 
to study the removal of Pb²+ from polluted sea water in Winter 
and Summer. Water temperature in the area was in the range 
of 24 & 29 ± 2 °C in both Winter and Summer seasons 
respectively ]31[. Water samples were placed in 250 ml glass 
flasks by adding 100 ml of polluted sea water sample. The 
solution was then adjusted to the required pH value using 
(HNO₃ or NaOH, 0.1M) solution. Depending on the pH value 
of the sample taken from the study area, the pH value 
measured in the laboratory is adjusted to 7.5 ±0.5 as alkaline 
solution and modified to 4.5± 0.5 as acidic solution ]33[. Four 
biomass dosages (0.4, 0.6, 0.8, and 1gm) of each marine 
algae, Gracilaria sp and Sargassum sp were used. The 
mixtures (analyzed solution) were steered slowly in a rotary 
shaker (Hedolph, Unimax 2010) at a vibrating speed of 100 
rpm for two hours. The precipitate was separated by 
Whatman filter paper and the analysis was determined by 
atomic absorption spectrophotometer ]5[. The percentage of 
removal value of (Pb²+) was calculated by applying the 
following formula: 
 
Bio-sorption % = (Ci− Cf)/ Ci ×100  ]33[ 
 
Where Ci is the value of initial metal concentration 
(mg/L), Cf is the concentration of the final metal ions value.  
Detection of the effective groups in algae biomass: 
To detect the effective groups through the experiment, 
the Pb²+ solutions were prepared as standard solution (1000 
mg/l) (by dissolving Cd(NO₃)₂.4H₂O in deionized water) 
]18[. The solution used in the experiment (10 mg/l) was 
prepared on the basis of the standard solution and considered 
as the initial concentration. One gram of algae biomass 
powder for both algae types was used in the experiment. The 
 
Figure 1. Shows Sampling site (20 Bstation) at Mukalla 
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Fourier Transformation Infrared (FT-IR) analysis was 
conducted, before and after bio-sorption process using 
spectroscopy device. The technique was conducted to 
determine the vibration frequency changes and effective 
groups in the adsorbent ]22[. About six slices were put within 
the spectra device. Each sample was recorded alone within 
the range 400 - 4000 cm-1. 
The kinetic models by Gracilaria sp and Sargassum sp 
biomass: 
The kinetic models of adsorption of Pb²+ have been 
studied using pseudo-first and pseudo-second order reaction 
]22[ which expressed as a model based on linear regression 
correlation coefficient (R²). Through the experiment, about 
50 ml samples were taken in different times (15, 30, 60, 90 
and 120 min). The samples were filtered and measured 
remaining concentration at each time with determined the 
efficiency of contact time that reached the equilibrium of the 
bio-sorption ofPb²+]33[. 
The linear equation for both models is expressed as follows: 
The pseudo-first-order adsorption kinetic modeling is 
expressed as: 
 
 Log(qe-qt) = Log (qe) - (K1/2.303)t   
 
qe & qt : The amounts of metal ions adsorbed (mg/g) at 
equilibrium at time (t). 
K1 : The bio-sorption rate constant (l/min). 
The pseudo-second-order adsorption kinetic modeling is 
expressed as: 
 
 t/qt = 1/(K₂.qe²) + (1/qe)t  
  
K₂: The bio-sorption rate constant of (g/mg/min), qe and R² 
were determined by plot t/qt versus t. The kinetic technique 
allow great experimental points to be obtained easily and fast. 
The time needed to achieve the adsorption equilibrium was 
determined accurately ]19[. 
 
3. Results: 
Analyses of algae and polluted seawater samples: 
The initial concentrations of Pb²+ in the algae samples 
were found to be 0.033 and 0.031 mg/l in Gracilaria sp and 
Sargassum sp biomass respectively. The initial concentration 
of Pb²+   ions in polluted sea water samples was 2.5 mg/l in 
winter and 4.4 mg/l  in summer season. The results show that, 
this area was highly contaminated by Pb²+ in summer season 
(Table 1). 
 
Table 1. The initial concentration of Pb²+ (mg/l) in algae 
biomass (one gm) sample and in polluted seawater sampled 
from the study station 
Algae samples Polluted seawater samples 
Algae species Conc. of 
Pb²+ (mg/l) 
Season Conc. of Pb²+ 
(mg/L) 
Gracilaria sp 0.033 Winter 2.5 
Sargassum sp 0.031 Summer 4.4 
Control 0   
Bio-sorption of Pb²+ from polluted seawater: 
Tables 2&3 show that the initial concentration of Pb²+ in 
polluted seawaters was decreased by both Gracilaria sp and 
Sargassum sp biomass in both seasons. In winter season, 
using Gracilaria sp biomass, the Pb²+ ions was decreased  
with removal value varied from 82.12 to 87.48% in 4.5 pH 
value, and from 77.48 to 89.4% in 7.5 pH 
value. For Sargassum sp biomass, the removal value was 
varied from 82.48 to 90% in pH value 4.5 whereas, in pH 7.5, 
the removal values was varied from 77.48 to 87.48%. The 
best removal rate of Pb²+ was obtained by Sargassum sp 
biomass (90% in pH 4.5 and biomass dose of one gram)  (Figs 

















Figure 2. The removal values of Pb²+ (%) using Gracilaria 
sp biomass when pH value was 4.5 and 7.5 at station 20B 



















Figure 3. The removal values of Pb²+ (%) using Sargassum  
sp biomass when pH value was 4.5 and 7.5 at station 20B 
study area in Winter season. 
 
In Summer season, using Gracilaria sp biomass, the bio-
sorption removal value of Pb²+ was varied from 80 to 85.46% 
in pH value of 4.5  whereas in the pH value of 7.5, the removal  
rate of Pb²+ was varied from 81.82 to 87.27%. When applied 
Sargassum sp biomass, the removal value of Pb²+ was varied 
from 81.82 to 89.09% in pH value 4.5 
whereas in pH value 7.5, the removal value was varied 
from 76.82 to 87.27%.The best removal rate of Pb²+in 
Summer season was obtained by Sargassum sp 
biomass(89.09% when pH value was 4.5 and 87.27% when 
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Figure 4. The removal values of Pb²+ (%) using Gracilaria 
sp biomass when pH value was 4.5 and 7.5 at station 20B 















Figure 5. The removal values of Pb²+ (%) using Sargassum 
sp biomass when pH value was 4.5 and 7.5 at station 20B 




Table 2. The removal values (%) of Pb²+ using Gracilaria sp 
& Sargassum sp biomass ( pH= 4.5 and 7.5) at station 20B 




Table 3. The removal value (%) of Pb²+ using Gracilaria sp 
& Sargassum sp biomass (pH= 4.5 and7.5) at station 20B 
study area in Summer season. 
 
The contact time and kinetic models for Pb²+ removal by both algae:   
In both seasons, the contact time of Pb²+ bio-sorption by 
both Gracilaria sp and Sargassum sp biomass was decreased to 
become almost constant at 60 minutes.  
In winter season, the best removal value was occurred in pH 
value 7.5 at 120 minutes by Gracilaria sp biomass and 90 
minutes by Sargassum sp biomass (Figs 6, 7 and Table 4). The 
R² value for removal process of Pb²+ by Gracilaria sp biomass, 
was varied from 0.9269 to 0.983 by pseudo first order and from 
0.9998 to0.9997 by pseudo second order. When using 
Sargassum sp biomass, the R² value was varied from 0.9999 to 
1 in pseudo first order and from 0.9993 to 1 in pseudo second 
order modal (Fig. 6 and Table.4). The calculated qe value was 
varied from 111 to 111.75 mg/g by   Gracilaria sp biomass when 
compared with that on the graph value (109.89 to 113.64 mg/g). 
In the case of Sargassum sp biomass, the calculated qe values 
range was varied from 109.35 to 112.36 mg/g when compared 
with that obtained on the graph (112.36 - 113.636 mg/g) (Fig. 7 
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81.82 0.8 0.6 
83.64 0.72 0.8 
85.46 0.64 1 





84.09 0.7 0.6 
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 Figure 6.  Kinetic models for Pb²+ removal and efficiency of 
contact time by Gracilaria   sp in pH value 4.5 and 7.5 at 20B 




Figure 7. The kinetic models for Pb²+ removal and 
efficiency of contact time by Sargassum sp in pH value 
4.5 and 7.5 at 20B station in winter season 
 
 
In summer season, the bio-sorption equilibrium of Pb²+ 
was occurred in 90 minutes at pH value 7.5 using both algae 
(Figs 8 & 9 and Table 5). In the case of  Gracilaria sp 
biomass, the R² values obtained were varied from 0.6136 to 
0.6583 when applying pseudo first order and from 0.9997 to 
0.999 in the pseudo second order in both pH values. By using 
Sargassum sp biomass, the R² values were varied from 0.6845 
to 0.893 in pseudo first order and from 0.9985 to 0.9994 by 
pseudo second order modal (Fig.8 and Table 5). 
 
Table 4. The kinetic models for Pb²+ removal by using 
Gracilaria sp and Sargassum sp biomass in pH values 4.5 
and 7.5 at 20B station in winter season. 
 
The calculated qe values for Pb²+ as removal value by 
Gracilaria sp biomass was varied from 188 to 192 mg/g in 
both pH values compared to that on the graph results (188.679 
mg/g). In the case of Sargassum sp biomass,  the calculated 
qe ranges were varied from 192 to 200 mg/g as compared to 
that obtained on the graph results(196.078 to 192.308 mg/g) 
(Fig. 9 and Table 5). 
In different pH values, the R² values showed that pseudo 
second order model was better when apply the Lagrange 
equations for Pb²+ removal in both seasons at 20B station 
sampling area (Figs 6 to 9 and Tables 4 and 5). 
 
4. Discussion 
The seasonality of bio-sorption of Pb²+: 
Polluted seawater at the study area (20B station) contains 
high concentration of lead as one of heavy metals (Table 1) 
that exceed the allowable Yemeni standard values (0.05 
mg/l)]36[. The concentration of Pb²+ in the study station was 
low in winter season (2.5 mg/l) than summer (4.4 mg/l) 
season. These are due to the seasonal increase of polluted 
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heavy metals in the study area was associated with the 
increase of discharging polluted water in summer season 
which responsibly affected the rise of bio-sorption rate on the 
surface of adsorbents that increases the removal rates of Pb²+ 
metal ions ]1,11,35[. 
 
Figure 8. The kinetic models for Pb²+ removal and efficiency 
of contact time by Gracilaria sp in pH 4.5 and 7.5 at 20B 
station in summer season. 
 
 
By using different biomass dosages of  Gracilaria sp and 
Sargassum sp algae (at pH values of 4.5 and 7.5), the 
variation of removal rate of Pb²+,in the study station was 
related to the initial concentration in polluted water until the 
adsorbents biomass is saturated with metal ions (23 and 13). 
This might occurred due to increases in the surface area of the 
algae biomass and bonding with the effective groups through 
the bio-sorption process. Consequently, when removal rate of 
Pb²+ increases, the concentration of elements in polluted 
water was reduced ]33[. 
The best removal rate of Pb²+ obtained in one gram of 
Gracilaria sp biomass was 89.4%  in pH 7.5 in Winter 
whereas in Summer it was 90% in pH value of 4.5  and in one 
gram of Sargassum sp biomass. These results to a certain 
instance are coincided with that reported by (31 and 20).The 
brown algae, Sargassum sp was the best in removal of Pb²+ 
ions in pH values lower than 7.5 (in one gm biomass) when 
compared with  Gracilaria sp (red algae). The results 
obtained in this study were in agreement with that reported 
by other researchers (8 and 31). 
 
 
Figure 9. The kinetic models, for Pb²+ removal and efficiency 
of contact time by Sargassum sp in pH value 4.5 and 7.5 at 
20B station in summer season. 
 
 
Table 5. Kinetic models for Pb²+ removal by Gracilaria sp 
and Sargassum sp biomass in pH values 4.5 and 7.5 at 20B 
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The effect of pH value: 
In the present study, the functional groups of brown algae 
(Sargassum sp) have a high removal rate of Pb²+ during 
Summer season in pH value of 4.5 than red algae (Gracilaria 
sp). Bio-sorption of Pb²+ may be affected by  distinct pH 
values as well as  chemical composition of adsorbents 
surface. It is found out that the reduction in pH value up to 
about 4.5  is a direct reason for an increase in adsorption 
capacity of Pb²+removal to a certain level  ]20[.  
The low pH value decreases Pb²+ bio-sorption capacity 
through the influence of functional sites on adsorbent algae 
surfaces. This situation might be due to the competition 
between metal cations and hydrogen positive ions (H+) which 
inhibit the binding of metals through bio sorption process. 
The findings of the present study were in agreement with that 
reported by other researchers (25 and 20).They pointed out 
that heavy metals adsorption is pH dependent through the 
impact on adsorbents surface charge with different structure 
of adsorbents and degree of ionization of metals. 
When pH values are equal or higher than 7, the functional 
sites on adsorbent surfaces are exposed to enhance 
electrostatic attraction with heavy metal ions due to a 
negative charge. Increase in pH value leads to formation of 
hydroxides anionic complexes which may cause a slight 
decrease in adsorption forces (33 and 25). Due to the Pb²+ that 
interacts with hydroxide ion (OHˉ), the deposition of these 
ions occurred which widely available in basal solutions ]25[. 
So the hydroxides of these elements formed in pH value are 
equal to six values and more which affect the deposition and 
efficiency of bio-sorption, where the Pb²+ metal remains 
soluble in pH value less than seven (Tables 2 and 3). This 
phenomenon may cause a slight decrease in adsorption 
forces. So that the removal rate of Pb²+ ions in basal solution 
(pH 7.5) was low compared with that at pH value of 4.5.The 
results of the present study were coincided with that obtained 
by ]2[. 
 
The effect of adsorbent biomass:  
The biomass doses are an important factor which has a 
great influence on the bio-sorption process of pollutants. The 
possibility of metal ion removals from wastewater by 
adsorbent structure were due to availability of metal binding 
sites present on the adsorbent surfaces (26 and 33). 
In this study, the best removal value of  Pb²+ for the 
absorption process was found to be in biomass value between 
0.8gm and one gm for Gracilaria sp and Sargassum sp 
through Winter and Summer seasons. The initial 
concentrations for  Pb²+ in the study area are affected by 
biomass values and the removal rate increases with increasing 
of algae biomass (Tables 4 and 5). The remain value of the 
initial concentrations of Pb²+ ions  in polluted water from the 
study station decreased related to increasing of bio-sorption 
capacity on the surface area of Gracilaria sp and Sargassum 
sp biomass. This situation allowed the entry of  Pb²+ and their 
association with effective groups in biomass particularly 
during bio-sorption in summer season for polluted water 
]16[. These findings indicated that the absorption 
characteristic leads to surface saturation of adsorbents which 
depend on the initial concentrations of metal ions (26 and 35). 
 
The efficiency of contact time on bio-sorption: 
The efficiency of contact time for Pb²+ removal in pH 
value 4.5 shows that the initial phase lasted for 15 minutes 
followed by slower phases until reached the equilibrium state 
at 60 minutes by Sargassum sp and Gracilaria sp biomass 
through the concentration gradient between the liquid phase 
and the solid surface. As contact time increased, intra-particle 
diffusion became predominant which makes the solute took 
more time to diffuse into internal sorption sites through the 
pores]17[. After attaining equilibrium, the process of bio-
sorption is very slow and bio-sorption reduced. The 
efficiency of contact time in pH value 7.5 to remove high 
value of Pb²+ was 90 minutes in one gram dose by Sargassum 
sp and  90-120 minutes by Gracilaria sp in both seasons. 
Similar results were reported by other researchers in removal 
of Pb²+ ions from polluted waters (17,18 and 35).  
 
The kinetic modeling of bio-sorption by Gracilaria sp and 
Sargassum sp : 
The correlation coefficients (R2) obtained from the 
pseudo-second order rate kinetic model were greater than 
0.99 for all of the initial Pb2+ ion concentrations (Tables 
4&5). The bio-sorption of Pb²+ by Gracilaria sp and 
Sargassum sp biomass in the present study follows the 
pseudo-second order kinetic model. The (R2) for the pseudo-
second order is more suitable for different pH values  in both 
seasons and for both algae species (Table 3 and 4). The values 
of the present study are in agreement with that reported by 
other researchers in other sudy areas (24 and 26).  
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 باستخدام حضرموت –من المياه البحرية الملوثة في سواحل مدينة المكال II))  الرصاصإزالة 
 Sargassum sp   و  Gracilaria sp البحرية الكبيرة؛ تقنية الكتلة الجافة من مسحوق الطحالب
 
 حسن باعثمان وإيمانباوزير عبدالله سالم 
 
 
كأحد المعادن الثقيلة في المياه البحرية من سواحل مدينة المكال الملوثة بمياه الصرف الصحي  (+Pb²) يتناول هذ البحث, دراسة إزالة أيونات الرصاص: الملخص
في ساحل B) 02الصحي )باستخدام تقنية الكتلة الجافة من الطحالب البحرية الكبيرة. جمعت عينات من المياه الملوثة من منطقة  بجانب إحدى محطات الصرف 
لدراسة امتزاز أيون معدن الرصاص  من المياه البحرية  Sargassum sp , والنوع Gracilaria  sp المكال. استخدم مسحوق الطحالب الكبيرة الجافة لكل من النوع
 رصاص من المياه البحرية الساحلية لمدينة المكال الملوثة بمياه الصرفترمي هذه الدراسة إلى تقويم خاصية اإلزالة أليونات المعدن الثقيل ,ال .الملوثة في منطقة الدراسة
وكميات مختلفة من مسحوق الطحالب على خاصية  pH (0.5 ± 7.5 &  4.5) تمت  دراسة تأثير قيم مختلفة من  .الصحي باستخدام الطحالب البحرية الكبيرة
ة أليون معدن الرصاص لتوصيف هذه الخاصية وتأثيرها في إزالة المعادن الثقيلة من المياه الملوثة. االمتزاز في فصلي الصيف والشتاء، حيث استخدمت نسبة اإلزال
ن إحداث أية تأثيرات بيئية رية دو تعرف هذه التقنية بأنها إحدى التقنيات الصديقة للبيئة حيث تعمل على إزالة الملوثات بتأثير المجاميع الفعالة في جدران الطحالب البح
  pH 5.4 عند قيمة   02.22إلى %  02.22تراوحت ما بين% (+Pb²)  أظهرت النتائج  في منطقة الدراسة أن نسب اإلزالة أليون  الرصاص  .خرى عرضية أ
للكتلة  استخدمت تقنية التحليل الطيفي .خالل فصلي الشتاء والصيف على التوالي pH 2.4عند قيمة %00.5إلى  %28.00وكذلك تراوحت نسبة اإلزالة ما بين 
للكشف عن المجاميع الفعالة على أسطح جدران الطحالب من خالل األطوال الموجية المعبرة عن تغاير ترددات هذه الموجات لعينات  (FTIR) الحيوية للطحالب
كما  , N–H وC–O, O–H  لبحرية هي الطحالب المستخدمة , حيث بينت أن المجاميع الفعالة المحتملة في عملية امتزاز العناصر الثقيلة  باستخدام الطحالب ا
وذلك بوجود المجاميع الفعالة التي تشمل مجاميع الكاربوكسيل والهيدروكسيل في مسحوق كل من  (+Pb²) أظهرت هذه التقنية المواقع المحتملة الرتباط أيون الرصاص
  .الخاليا الطحلبيةالتي توجد في ضمن تركيب جدران  Sargassum sp) و  (Gracilaria sp الطحالب البحرية
 
  :  امتزاز, إزالة, طحالب كبيرة, تقنية صديقة للبيئة, مجاميع فعالةكلمات مفتاحية
 
